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By Arthur L. Jones, John R. Spreiter, 
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SUMMARY 

The rolling moment due to sideslip in supersonic flow has been 
calculated for a representative group of plan forms. The analysis 
was based on linearized potential theory and was applied to trian- 
gular, trapezoidal, rectangular, and swept— back plan forms without 
dihedral. 

The only types of plan forms that provided positive dihedral 
effect throughout the range of Mach number investigated were the 
rectangular wing of very low aspect ratio and a trapezoidal wing 
of moderately low aspect ratio having raked-out tips. 

The variation of rolling moment with sideslip was found to be 
linear over a small range of sideslip angles for practically all 
the Mach cone plan-form configurations investigated. 


INTRODUCTION 

The calculation of the supersonic lateral-stability derivatives 
has been undertaken for a group of plan forms of the type shown in 
figures 1 and 2 considered to be representative of the plan forms 
proposed for flight at supersonic speeds. In reference 1 the 
results for the damping— in— roll derivatives were presented. This 
report extends the results to include the rolling moment due to 
sideslip. 

The load distributions for the sideslipping wings were obtained 
using the methods presented in references 1, 2, 3.> an< i Th® load 


2 


NACA TN Wo. 1700 


distributions were then integrated to obtain the rolling— moment 
coefficient as a function of sideslip. 

In general, the plan forms may be described as: (l) triangular 

with subsonic leading edges and with supersonic leading edges; 

(2) trapezoidal with all possible combinations of raked— in, raked— 
out, subsonic or supersonic tips; (3) rectangular; and (4) two 
swept— back plan forms with supersonic trailing edges developed from 
the triangular wings. A small change has been made in one of the 
plan forms under investigation since reference 1 was published. In 
reference 1, the swept— back plan form having subsonic leading edges 
was developed by removing a Bmall triangular portion, having sides 
parallel to the Mach cones, from the trailing edge of a triangular 
plan form having subsonic leading edges. Due to the difficulties 
encountered in analyzing the sideslip position for this particular 
configuration, the portion removed from the basic triangular plan 
form has been changed. A triangular section extending from tip to 
tip is now removed leaving the wing tapered to a point at the tip 
as shown in figure 2. 

Previous work on wings in sideslip has been reported in 
references 5* 6, 7 , 8, and 9» 


SYMBOLS AND COEFFICIENTS 


x,y rectangular coordinates of wind axes 


|,tj rectangular coordinates of body axes 


V 


free— stream velocity 


span of wing measured normal to plane of symmetry 


root chord of wing 


l 


over-all longitudinal length of swept-back wing 


S 


area of wing 


A 


aspect ratio 



P 


density in the free stream 


free— stream dynamic pressure 
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c 


l 


L 


3 


C 


z 3 


Ml 


B 

m 


Bm 


F(cp,k) 

E(q>,k) 


a 


rolling moment about longitudinal body axes 
(positive for right wing rolling down) 


rolling-moment coefficient 


( 



lift 


sideslip angle , degrees 

(positive when sideslipping to right) 

r olling-moment-due -to-s ide slip stability derivative 



free-stream Mach number 

VMi 2 -1 

Mach angle (arc tan i- ) 

B 

slope of right wing tip measured from line parallel to 
plane of symmetry in plane of wing 

(positive for raked— out tip, negative for ratea— in tip) 

— 2 — } ratio of tangent of right tip angle to tangent of 
tan |i 

Mach cone angle 

incomplete elliptic integral of the first kind with 
modulus k 

incomplete elliptic integral of the second kind with 
modulus k 

angle of attack, radians 


METHODS 

The problem of determining the load distribution on a wing 
in sideslip is essentially the problem of determining the loading on 
an inclined flat plate. The fact that the plane of symmetry of the 
plan form is not alined with the free— stream direction does not 
greatly affect the analysis. The methods used in reference 1, therefore 
were applicable again. 
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The load distribution on the triangular and trapezoidal plan- 
form configurations, having supersonic edges entirely, were 
determined readily by the source-sink and doublet method of refer- 
ence 2. The loading oh an area affected by a subsonic edge in 
conjunction with a supersonic leading edge or tip was obtained by 
a simple direct integration using the method of reference 3 with 
the stipulation that the Kutta condition must be satisfied on all 
subsonic trailing edges as provided for in reference k. The trian- 
gular plan form with subsonic leading edges has been analyzed previ- 
ously in the sideslip position and the load distribution is avail- 
able in reference 8. The method followed in reference 8 was used to 
determine the loading on the subsonic— edged triangular plan form 
lying between one edge of the Mach cone and the cone axis. In 
reference 6, also, the expression for the load distribution on this 
plan form is presented. 

The plan forms were divided into sectors, bounded by the 
plan— form edges and the Mach cone traces, in order to simplify 
the analysis and the presentation of the results. Lift and moment 
expressions were obtained for these sectors by integration of the 
load distributions. In Appendix A, the formulas for the moments 
of the complete plan forms are expressed in symbols representing 
the moment and lift expressions of the plan— form sectors or combina- 
tions of these sectors. These expressions which do not readily 
combine and simplify are given in Appendix B. 

Another condition that required the simplification of the 
presentation of the moment expressions for a complete plan form was 
the change in Mach cone configuration that a wing in sideslip 
undergoes in supersonic flow. As the tips change from subsonic 
to supersonic or vice versa, and as the edges and tips change 
figuratively from leading to trailing edges by swinging past the 
free— stream direction, the load distribution and rolling moment 
change considerably. Consequently, it was necessary to divide 
the sideslip rotation into a number of phases in order that an 
expression for the rolling moment could be provided for each 
configuration encountered in the range of sideslip investigated. 

The determination of an analytical form for Cjp by differ- 
entiation of the expression for C 1 as a function of p was 
found to be impractical. Linearity of the variation with p 

for a small range of sideslip angles, however, made it convenient 
to calculate a value of the derivative based on the value for C} 
at 5° of sideslip. This approximation is more fully explained 
in the discussion of the results. 
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The plan forms are classified with regard to the relative 
positions of the wing tips and the tip Mach cones when the wing is 
at zero sideslip. The ratio of the tangent of the right tip angle 
to the tangent of the Mach cone angle Bin makes a convenient 
index. The slope of the right tip m is defined as positive 
when the tip is raked out and negative when the tip is raked in. 

If Bm is equal to or greater than 1, the tips are supersonic 
leading edges. If Bm is equal to or less than — 1, the tips are 
supersonic trailing edges. For values of Bm "between 1 and — 1, 
the tips are subsonic. 


DISCUSSION OF RESULTS 

The general results are the rolling-moment-coefficient formulas 
given in Appendix A for all the plan forms considered. For a 
practical interpretation of the results, a number of typical plan 
forms have been selected for which the rolling-moment coefficient 
was calculated. These results are presented in graphical form in 
figures 3 through 9 * Included in Appendix A are expressions for 
the values of tan 0 that mark the phase changes and for the value 
of tan 0 representing a span limitation. The existence of a span 
limitation is due to the difficulty In obtaining an expression for 
the load distribution when the Mach cone from one tip reflects off 
the other tip. The degree of sideslip Is limited also by restrict- 
ing the Mach cone originating at the Juncture of the trailing edge 
and the tip from overlapping the wing. This limitation, tan 0 <B, 
applies to all plan forms. Other limitations that were required 
for the swept-back plan— form configurations are explained when they 
are presented. 

It should be pointed out that for the swept— back plan-form 
configurations the phases given do not cover the utmost sideslip 
angle to which the analysis could have been carried. For the rest 
of the plan forms, expressions are given to cover the utmost 
possible sideslip angle that this analysis permitted. In most 
cases, this represents a magnitude of sideslip angle far beyond 
what normally is Interesting and useful. In view of the length 
and complexity of the analyses for the swept— back wings, however, 
the sideslip angles considered for these plan forms were held to 
a minimum. 


Variation of — with 0 
a 

The variation of rolling-moment coefficient per unit angle of 
attack with sideslip angle for the specific plan forms considered 
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are shown in figures 3 and 4 for two values of B (l and |). If a 

negative slope corresponding to positive dihedral effect is defined 
as a stable variation of C z with 3, it is evident that more 
plan forms had unstable than stable variations. The breakB in the 
curves are due to changes in phase that occur as the wing progresses 
in sideslip. In some cases where the tip is raked out, the breaks 
reversed the variation of C Z with 3 from unstable to stable or 
vice versa. 

It is evident, from the expressions for the moments and from 
the curves showing the variation of C 1 with {3 , that C z is not 
a linear function of sideslip and no simple expressions are obtain- 
able for the derivative C Z p. For the values of B considered 

in figures 3 and 4 , however, the variation of C z with 3 is 
very close to linear for the first 10° of sideslip. To obtain an 
indication as to the effects of aspect ratio and Mach number on 
the variation of roll in sideslip for the plan forms considered, 
therefore, it was assumed that a linear derivative could be 
established for at least the first 5° of sideslip. In figures 5 
through 9, this derivative is shown plotted as a function of 
aspect ratio and as a function of the Mich number parameter B. 

The assumption of a constant slope was Justified except at values 
of B where a phase change occurred within the first 5 ° of sideslip. 

For the values of B at which the variation of C z was 
determined to be nonlinear within the first 5° of sideslip, dotted 
lines represent the value of the derivative for whatever sideslip 
range the linearity existed. At the values of B for which, at 
zero sideslip, the Mach cones and the tips are nearly coincident, 
a value of Cip based on the C} at 5° of sideslip was determined. 
This value of C Zft did not truly represent the slope of the C z 
curve because a pnase change and a break in the curve occurs within 
the first 5° of sideslip. This psuedo derivative is plotted as a 
continuation of the solid curve in the regions where the dotted 
curves exist. Its principal value is that it shows whether the 
slope increases or decreases in magnitude in passing from the first 
to the second phase. At the value of B for which the Mach cone 
and the tip are exactly coincident, the slope of C z with 3 is 
constant for a range of sideslip greater than 5°. This point lies 
on the solid curve at the value of B where the discontinuity in 
the dotted branches exist. 

The property of reversibility, whereby a given plan form 
provides the same lift, drag, or damping in roll whether or not 
the plan form was reversed with respect to the stream direction. 
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did not occur in the rolling-moment-due— ' to-eideslip derivative. 
Apparently the lack of symmetry about the wind axes that results 
from the sideslip prohibits the realization of reversibility in 
this case. 


Variation of 



a 


with Aspect Ratio. 


The variation of C 7 per unit angle of attack with aspect 


equal to 1 and j 


fc 3 

ratio presented in figure 5 for values of B 

shows that for the most part the magnitude of the derivatives 
decreases with increasing aspect ratio. For the trapezoids with 
subsonic raked-out tips, the derivative is stable and this reduction 
exists throughout the entire range of aspect ratio investigated; 
whereas the values for the supersonic— tipped trapezoidal plan forms 
have gone from stable to unstable and increased in magnitude with 
increasing aspect ratio. 


As a trapezoidal plan form is reduced in span, it eventually 
becomes a triangular plan form. This transition occurs at an aspect 
ratio of km. If a triangular plan form is developed by reducing the 
span of one of the supersonic raked— out— tip trapezoidal plan forms 
shown, the value of the derivative changes suddenly from stable to 
unstable. As the aspect ratio is reduced farther, necessarily reducing 
the slope of the edge of the triangular plan form, the magnitude of 
the unstable derivative becomes greater and then suddenly Jumps to 
a stable value as the leading edges of the triangle become subsonic 

at an aspect ratio of g-. As the aspect ratio of the triangular wings 

approaches zero, the values of C jp approach a value slightly 
higher than the value given by Ribner (-O.OI83, in reference 9) for 
low-aspect-ratio triangular wings. If the sideslip angle for 

determining C 7 were allowed to approach zero rather than to 
p 


remain equal to 5 °, the 
by Ribner. 



curve would approach the value given 


For all but a small range of aspect ratios at the lower end of 
the aspect ratio scale, the rectangular and the trapezoidal plan 
forms with subsonic raked — in tips show a decreasing magnitude for 
Cj wlth increasing aspect ratio. The trapezoidal plan forms with 

supersonic raked— in tips have derivatives equal to zero because 

at B = 1 and B = — the tip Mach cones lie farther than 5° away 

from the tips, and the load distribution is uniform yielding zero 
rolling moment for these plan forms until one tip crosses one of 
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the tip Mach cones. The value of the derivative remains zero when 
this plan form has "been reduced to an inverted triangular plan form. 

Further reduction in aspect ratio requires a reduction in the slope 
of the tips of the triangle which eventually leads to a phase . change 
and to the existence of a rolling moment due to sideslip within the 
first .5° of sideslip. This inverted type of triangular plan form 
cannot he investigated below an aspect ratio of g because the tip 

Mach cones reflect on the opposite edges. For the same reason, the 
trapezoids with subsonic raked-in tips cannot be analyzed if reduced 
to triangular plan forms. 

As indicated previously, the rectangular plan form and the 
trapezoidal plan forms with subsonic raked-in tips have a critical 
value of aspect ratio at which the unstable value for C 2(3 stops 

increasing in magnitude as aspect ratio is decreasing and tends to 
become less unstable. For the rectangular plan form, this reversal 

of trend occurs at an aspect ratio equal to which is 

greater than the aspect ratio at which the tip Mach cones crossed at 

the trailing edge (A = | ) . The rectangular wings were amenable 

to analysis at Mach numbers low enough (1< AB< 2) to show that 
this trend eventually yielded stable values for the derivative. 

The aspect ratio at which the change from unstable to stable values 
occurs is half the aspect ratio at which the curve starts to reverse 

its trend, that is, when A = 2±|l£ . From this expression it can 

shown that there is a minimum aspect ratio of 1.635 at which the change 
in the sign of the dihedral effect occurs. The value of B that 

produce s thi s minimum is '/Tfe • At these values, the reversal of 
sign and the crossing of the tip Mach cones occur simultaneously. 

For values of B greater than , the reversal of dihedral 

effect occurs at an aspect ratio greater than the aspect ratio at which the 

tip Mach cones cross. This order of occurrence is reversed if B 

is less than a/3/2 . 


The variation of C 2 ^ with aspect ratio for the swept— back 

plan forms considered is shown in figure 6. For the subsonic— edged, 
plan forms, the trend was toward more stable values of the derivative 
as the aspect ratio increased. For the super sonic-edged swept-back 
plan forms, the trend was toward more unstable values of the derivative 
as the aspect ratio increased. Thus the sweptr-back plan forms were 
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the only ones for which C^g increased in magnitude with an increase 
in aspect ratio. p 


Variation of 


c 2r 

— E with B 

a 


The variation of C^p per unit angle of attack with B shown 
in figures J, 8 , and 9 is the most useful curve for determining 
the suitability of any plan form with regard to roll-in-sideslip 
stability. With two exceptions, the values of* the derivatives 
shown on this curve establish the stable or unstable sense of the 
variation of Cl with (3 that exists for the entire sideslip 
range for a given plan form at a given speed. The exceptions to 
this rule are the triangular plan form with supersonic tips and 
the supersonic trapezoidal plan forms with raked— out tips. 

In general, the Cjg curves are approaching zero at the upper 
end of the B scale for all the plan forms. At the lower end of 
the B scale, the curves tend toward either very large positive 
or negative values of Cip. The curves are considered in greater 
detail in the following discussion of the individual plan forms. 


Triangular plan forms: 


Tips raked out, m = — , 


m 


= I- 


At the 


lower end of the B scale, all of the triangular plan forms have 
subsonic tips. In this configuration, both of the triangular 
wings considered, aspect ratio 6 in figure 7 and aspect ratio 2 
in figure 9, have fairly large stable values of With 

increasing values of B, however, the Mach cone approaches the 
leading edge and crosses it and, in this range of B, C^p drops 
from the relatively large stable value to an unstable value. The 
value of for this supersonic— tipped configuration then decreases 

as B is increased and tends to approach zero asymptotically. 


Triangular plan forms : 


Tips raked in, m = — 


1 

2 ’ 



the lower values of B, the tip Mach cones overlap these inverted 
triangular plan forms, and the reflections of the Mach lines 
from tip to tip constitute a configuration that does not permit 
the formulation of loading and moment expressions in closed 
form. When the Mach number has increased until the Mach cones are 
coincident with the sides of the triangle, a closed form of 
expression for the load distribution and moment can be obtained. 

At this point, the first phase extends to considerably more than 5° 
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and an unstable value of is obtained as shown in figure 7 for 

aspect ratio 6 . This instability drops off rapidly and reaches 
zero when B has increased to the point where the Mach cones fall 
at least 50 outside the tips. For sideslip angles greater than 5° 
the variation of C z with 0 (figs. 3 and 4) shows that when the' 
sideslip angle reaches the second phase the zero value for the 
derivative changes to an unstable variation of roll in sideslip. 

Rectangular plan forms .— The variation of Cxg with B for 
the rectangular plan forms is quite dependent on aspect ratio. Below 
the aspect ratio of I .635 (as discussed previously with regard to 
the variation of with regard to aspect ratio) the rectangular 

plan form gives positive dihedral effect throughout the Mach number 
range investigated as shown in figure 7 (a) for an aspect ratio of 
1«5* As the aspect ratio increases, the curve showing the C?o 
variation with B crosses into the unstable region at a fairly low 
value of B but recrosses to the stable side at a higher value. 

As the aspect ratios become fairly large (A = 6 and A = 9 in 
figs. 7(b) and 8 ), the values of B for crossing become so aiml i 
and the values for recrossing become so large that for the range of 
Mach numbers considered the curve seems to lie entirely in the 
unstable region. 

• « 

Trapezoidal plan forms: Tips raked out, m = i .— These 

■crapezoidal plan forms show somewhat the same characteristics as 
the rectangular plan form in regard to the reversal in the stability 
of the roll due to sideslip that occurs at about the time the tip 
Mach cones cross at the trailing edge. At the lower end of the B 
scale in figure 7 (a), the curve for the aspect ratio 4 plan form 
tends toward infinity in the stable derivative zone after completely 

reversing its trend toward the unstable zone from B = 1 to b = — 

At aspect ratios of 6 and 9 , however, the curves shown in figures 7(b) 
and 8 have crossed the axis and are heading toward large 

positive values at the lower end of the B scale. Above the value 
® = curves for all three aspect ratios follow parallel 

patterns. The magnitude of C 7 decreases as the Mach cones 

p 

approach the tip and, as the tips become supersonic, continue to 
decrease finally approaching zero asymptotically at the upper end of 
the B scale. The variation of roll in sideslip was stable at all 
times for B greater than 1. 
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Trapezoidal plan forma: Tips raked out, m = J- .— The aspect 

ratio 6 with m = 2. la a triangular plan form. Above an aspect ratio 

O 

of 6, however, the plan forma having m = ^ are trapezoids. At the 


aspect ratio of 9 shown if figure 8, the curve lies almost entirely 
in the unstable region. At the aspect ratio of 6.5, shown in figure 
7 (a), the curve lies mostly in the stable region except for the dip 


into the unstable region near B = 1. The variation of C- 


P 


with aspect ratio shown in figure 5 indicates that at an aspect ratio 
of approximately 6.2 the derivative is stable for B = 1 and 

B = ^ and, therefore, it is quite probable that the curve for a 


trapezoidal plan form of this aspect ratio might lie entirely in the 
stable range. 


Trapezoidal plan forms: Tips raked in, m = — i.— These 


trapezoidal plan forms have no essential differences in the pattern 
of their Cjp variation with B for aspect ratios 6 and 9» These 

curves are presented in figures 7 and 8. The pattern of the varia- 
tion is similar to the variation of Ci D with B for the rectan— 

gular plan forms of aspect ratios 6 and 9, tending toward large 
unB table values of C at the lower end of the B scale and 


dropping off in magnitude as B increases. The sudden drop to 
= 0 occurs when the tips have become supersonic. 


For values of aspect ratio considerably lower than 6, where the 
tip crossing effect might become appreciable again, it is quite 
likely that would tend to become stable at the lower end of 

the B scale. 

Trapezoidal plan forms: Tips raked in, m = — J-.— At an aspect 

ratio of 6, the plan— form shape for m = — 3. j[ S triangular, but for 

aspect ratios of greater than 6 the plan form becomes trapezoidal. 

At the lower end of the B scale in figure 8, where the trapezoidal 
plan form of aspect ratio 9 has subsonic tips, the roll— in— sideslip 
variation is unstable as it was for the triangular plan form of 
aspect ratio 6. As B increases and the tips become supersonic by 
passing through the Mach cone, the value of based on Cj at a 

sideslip angle of 5° is zero. If the angle of sideslip is increased 
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till the second phase is reached, however, the variation of C-j with 
P is unstable. 


Swept-back plan forms : 


Subsonic edges. m = — Over the limited 
* 2 


range of B’s for which the computation of was possible, the 

results indicated that C-^p decreases with an increase in B. The 

magnitude of the derivatives for this plan form was greater than the 
magnitude of the derivatives for the triangular plan form with the 
same edge slopes. 


Swept— back plan forms: Supersonic edges, m = -2., m = i.— As 

2 2 

for the subsonic— edged swep'b-back plan forms, the magnitude of the 
derivative was greater than the magnitude for the corresponding 
triangle and the variation of the derivative with B showed that 
within the first phase increasing B reduced the magnitude of the 
derivative . 


CONCLUDING- REMARKS 

The variation of rolling-moment coefficient with sideslip was 
found to be approximately linear over a small range of sideslip 
angles for the plan forms investigated. Both positive and negative 
dihedral effects were obtained. 

For a given plan— form type and a given tip or leading-edge 
classification (subsonic or supersonic), derivatives evaluated for 
the linear range of the C| variation with p were generally 
found to decrease in magnitude with increasing aspect ratio. The 
outstanding exception to this generalization was the swept-back 
plan, form with either subsonic or supersonic leading edges. 

The rectangular plan forms of very low aspect ratio (A <1.635) 
and the trapezoidal plan forms of moderately low aspect ratio (A ~4) 
with raked— out tips apparently are the most satisfactory plan forms 
for providing positive dihedral effect. At the larger aspect ratios, 
these two plan forms provided negative dihedral effect over at least 
part of the Mach number range. The triangular plan forms and the 
swept-back plan forms provided positive dihedral effect as long as 
their leading edges remained subsonic but changed to negative 
dihedral effect when the leading edges became supersonic. The 
trapezoidal plan forms with raked— in tips yielded negative dihedral 
effect with subsonic tips, but achieved zero dihedral effect over 
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a limited sideslip range when the tips became supersonic. The 
general trend of the variation of C^p with Mach number was a 
reduction in the magnitude of the derivative with an increase in 
Mach number. 


Ames Aeronautical laboratory. 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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APPENDIX A 

FORMULAS FOR ROLLING MOMENT DUE TO SIDESLIP 
General Restriction: tan p <B 

TRIANGULAR WINGS 


Subsonic Tips 
Bm <1 


1 

m > ■ ■ 

B +J B 2 +l 


C l 


M £ _ M| 

qSb 2qc r 3 m 2 



Phase 2, 


1-BpA 
B+m ) 


< tan p <m 


Mt = Mg 


Phase 3 y m <tan p 


/ 1+Bm \ 
\B-m / 




M| - m d 
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m < 


1 

B +v te + l 



Phase 1, 0 <tan p <m 


M | = \ 


Phase 2, 


m < tan p < 


/ 1— Bm \ 
V^B+m ) 


M| = % 



Phase 3, 


/ 1-Bm 
\B+m 


< 


tan p < 


^B-m / 


Supersonic Tips 


M|* Mp 



“fi- % 

Phase 2, j B — 1 ) < tan p<m 
\B+m / — — 

M | - ^ 





16 


NACA TN No. 1700 


Phase 3, m <tan 3 < 


f 1+Bm 'N 
\B^" ) 


^ = Md 

Bm < - 1 




2qc r 3 m 2 


Phase 1, 


0 <tan 3 <— 


Bm+1\ 
B-m J 


M^= 0 


Phase 2, — 


/ Bm+1 
\B— m 


^ tan 3 < - m 


= % 


Phase — m <tan 3 < 









SWEPT-BACK WINGS 


Subsonic Tips 
Bm <1 


c, 

1 qSb 


M | 

b^Cy 
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1 

b+Vb2+I 


0 < U-Cr) < UE^m-l) 



— B 2 +2 — +1 
m 


Phase 1, 0 < tan p < 


1— Bm 
B+m 


\ 


= % - % 


l (B 2 +2Bm-l) S 




• < (Z— Cp) <C ^BniZ 



Phase 1, 0 < tan p < 


BZm-(Z-Cr) 
B (Z— c r ) + Zm 


= M& — Mg 


B+ 7 B2+1 




0< (2— c r ) 

(_B 2 +^.+l ) 



Phase 1, 0< tan p<m 

M| = - M h 

Phase 2, m< tan p< — 
* ~ - B+m 


M| = Mb - Mj 



a Inside left edge hits Mach cone from cutout before right leading 
edge becomes supersonic. 

^Prevents Mach cone at cutout from crossing wing at zero sideslip. 
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2 (B 2 +2Bm-l) 

(-***4 +i ) 


, . , /B-m \ 

to ' ' 


'B-m 


/ 


/ \ 

/ * \ 

/ i \ \ 


/ 


/ 



\ 


\ 


Phase 1, 0 < tan (3 <m 
M ^ - Mg 


7 \ 


\ 


Phase 2 , m< tan 3< 


B 2zfr~ ( 2 — c^» ) 
B (2-c r )+lm 


M| = % - Mj 


lm (^5a) - (I-0r) - 


Bm2 


/ 



Phase 1, 0 < tan 0< 


\ 


B 2m— ( 2— cr ) 
B (2— ^5^«)+2m 


\ 


\ 


M g - % - % 


Supersonic Tips 
Bm^ 1 


C 2 " 


M£ 

qSb 


M 


qbm 


m < 


2B 

B 2 — 1 


b_ 

2m 


2 ( +2c r ) — 2 2 -c r 2 




c Insi4e left edge hits Mach cone from cutout before right leading 
edge becomes supersonic. 

a Left leading edge swings past X-axis before inside left edge hits 
Mach cone from cutout. 

e Inside left edge hits Mach cone from cutout before left leading 
edge swings past X-axis. 

I Prevents £-axis from crossing Mach cone at right before left edge 
hits Mach cone. 
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0 < (Z— Cp) < 




(B 2 +2Bm— 1) 



Phase 1, 0 < tan 3 

M| = Mg - Mj 


/Bm— 1\ 

%r) 


» (-**# + if 

- 1 — 2 — L < (w) < £_ 

(B 2 +2Bm-l) ~ “ mB 




Phase 1, 0<tan p< 


l— Bm(Z— c r ) 
Bl+m(l-c r ) 


M| = % - Mj 


Phase 2, i ~^ - (2 ~ Cr) < tan p< 

Bl+m(l— c r ) B+m 


= % - % 




/ / \ 


^Inside right edge hits apex Mach cone Before left leading edge 
hits apex Mach cone. 

^Prevents cutout from overlapping apex Mach cone at zero side- 
slip. 
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TRAPEZOIDAL WINGS 


Subsonic tips 


Span 


0 >Bm >-l 


tan 3 < 


M 1 

qSh qc r b (b+c r m) 


1 

— m < 

B+ Vb 2 +1 


Phase 1, 0 < tan P< - m 



M| = Mq + Mg + M n 

— (l/2) (Lqt-Ljj) 


Phase 2, -+n< tan p< 


1+Bm 

B-m 


M | = Mp + Ms + Mjj 
-( h/2) (Lp-Ljj) 


Phase 3, i— ^<tan (3< 
B— in 


1— Bm 
B+m 


M | = Mp + Mp — Lp(h/2) 


Phase 




1 E — < tan 
B+m ~ 


Span 

_ limitation 


M| = % + Mq + Mp 
_(h/2) (Lv+Lq) 


limitation 
B (h+Cym) — Cp 

BCy+h+Cym 
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-m > 


B+ V B2+1 


/ 


Phase 1, 0 < tan p < 


/ V_^ \ 

\ 7 \ 


1+Bm 

B-m 


M^ = Mq + Mg + Mpj- 
— Ob/2) (Lq— L- pj-) 


Phase 2, < tan p 5 — m 

B-m 


M i = Mq + Mr - (b/2) L q 


Phase 3, -m <tan p < 


1— Bm 
B+m 


M 


I = Mp + Mj - (b/2) Lp 


Phase 4, < tan ft < 


B+m 


limitation 


M| = My + Mq + Mrp 

-(b/2 JCLt+Lq) 
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Bm=0 (Bectangular) 


Cl . = _?!L 

qSb qc r b2 

\ 

\ 

Phase 1, 0 <tan p <1 /b 


= Mp + Mg + m n 

-( Lp -^/2 


/ 


7 

/ 

\ 

/ 

/ 

\ 

/ 

/ 

^ 

L 


Span limitation 


tan p < 


Bb— 

Bcp+b 



0 <Bm< 1 


m 


< 1 
B+^B2+1 


Span 

Phase 2, l/B <tan p < limitation 

= My + Mq + Mp 

- (lv+L Q )h/2 



Span limitation 
tan p < BCb-mc r )-o r 

0,-S.- - M * 

qSb qc r b (h-mo r ) 



Phase 1, 0 <tan p <m 


M^Mp + p^ + f^ 



(Lp-L M ) 
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Phase 2, m <tan p < 


1— Bm 
B+m 


= Mp + + Mjj 

-inc^Lp-Ljf) 

Phase 3, i^<tan B < 1+Bm 
B+m ~ ~ B-m 


M| = Mv + MQ + MR + Mjf 

— (ly+ L q-L n ) ^ ^ — mc r ^ 



m > 


1 


B+ VB 2 +1 


Phase h, - 1 l~ Em <+»r 1 a < Span 


B-m 


: <tan P< lim f||? ion 


M^=My + MQ + Mrp 

(Iy+L Q ) 2 *‘ inc r^ 





Phase 1, 0 <tan p < 

B+m 

M | = Mp + + ^ 


Phase 2, < tan p < m 



M£ = M\/- + Mq + Mr + Mm 
— (Ly+Lq— L j^) mo r^ 



2k 
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Phase 3, m <tan p < 


1+Bm 


— B-m 


M^=My + MQ + ^ + Mjj 
— (I^+Lq— L jj)(^ -mc r ^) 

Phase 4, |^<tan 3 5^^ 


= My- + Mq + 

-(L V +L Q )(^ b 


-2 “ mc r 




Supersonic Tips 


Span limitation 


Bm< - 1 



tan p< B(mcr+h)— c-r 
Bc r -fb+mc r 

c 2 = ih. = ys 

qSh qc r h (b+mc r ) 




M| = Mp + Mj - Lp(b/2) 
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Phase k , 


■ ( 5 ?) s*«»< 

M £ * My + Mq + Mp 

-(Ly+V b / 2 



Bm >1 



Span limitation 


tan p < 


B(b-mc r )_c r 

Bc r +b-mc r 


c 2 = = —Jil 

qSb qc r b(b-mc r ) 


Phase 1, 0 <tan p < 

B+m 


M g = My + Mq + Mp + Ml + Mg- 
- ( Ly+Lq-LL-L^j ) - me r ^| 




Phase 2, 5Szi<ta n p <m 
B+m 

M|=My + MQ + MR + Mm 
- (Lv+Lq-Lm) “ mc r ) 
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APPENDIX B 

SUMMARY OF MOMENT AND ESSENTIAL LIFT EXPRESSIONS 


Triangular Wings 


-2*aqc r a m 2 sin P 
3E 

X I 

where 

E is the complete elliptic integral of the second kind with modulus 




V 1-G 2 

(l-m 2 tan 2 P) + B g (m g — tan 2 p) 

2Bm (l + tan 2 p) 

J [(l-m tan p) 2 -B 2 (m-tan p) 2 ] f (l-m tan p) g -^ 2 (m+ tan P )^T 

2Bm (l + tan 2 P) 


B. tan p > m 


/ 



-Sjtaqc^m 2 ? / l-m tan P 


% = 

3® 

when tan p = m 


1+m tan p 


.± / 

E V 


GiBm 

(l-m y ) 


when tan p = 


1— Bm 
B+m 


P = 


-J 2 >y/l+m tan P 


n^/l+m(tanP) + P (m — tan p) 


when m<tan ft 

B+m 


10 

CD 


p . [B (m + tan |3 ) -Gx ( 1-m tan 3 ) 1 ( l+m tan 3 ) 

[Gi(l+m tan p)+B $n — tan 3) ] ( 1-m tan 3)(l-Gx 2 ) 


1 


G> + k* 


k'K k' Vl-Gi ! 

■■■■ " + E 4- - -- j- 

Gx </Gx 2 — k' 2 


[E F (<p,k)-K E (cp,k) J 


where 


G-i 


(1— m 2 tan 2 ft)— B 2 (m 2 — tan 2 ft)— V [(1+m tan |3) 2 — B 2 (m — tan ft) 2 ) [(l— m tan ft) g -B 2 fei+ tan 3) 2 ) 

2 B tan 3 (l+m 2 ) 


k = Vl~k * 2 k* 


cp= arc sin 



Gik 


Gx(i+m tan 3)+B(m — tan 3) 
(l+m tan 3)+Gri®(iti —tan 3) 


K = f (§ 3 k ^ 
C. tan 3 <m 



Me 


qae r 3 , s /£m [ 2m 2 (B+ tan 3)-2m(l+B tan 3)— 4m tan 2 3] 
3(B+tan 3) 3/2 ym(B— tan 3) + (l+B tan 3) 


x 
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m d 


— gcuyVim (m + tan p)[m(B + tan p)+(l-B tan p) ] 


3 7 ? 

3 (B -t- tan p) V m (B — tan p)+(l+B tan p) 


Mg = 


^qoc r 


3 m(tan p) (1 + tan2 p) 
3(B 2 - tan 2 P) 3//2 


% = 


-aqb 3 m [1+B(tan p) + m (B-tan p) ] 

6^/2 + tan p [ m 2 (B — tan P)-gl( 1+B tan p)] 3//2 



u> 

o 


-gqfr 3 [llm 2 (B —tan &)— Uftan P)(BBtan P)-9m(l + tan 2 P)1 
Mg “ — n , - — . a . ' ' , -.3/2 


% 


-4al% 2 sin p 
31 



3( Z-c r ) _ 

[ Z^— ( Z— c r ) 2 ] 2 


+ 


( 


arc sin 


{ Jr Sx). 

i 


« \ [Z 2 -+S(Z— Q-r) 2 ] 

2 ) [Z 2 -(Z-c r ) 2 ] 5 / 2 


} 


where E is the complete elliptic integral of the second kind with modulus V 1-0,2 


_ (W 2 tan 2 P)+B a (m a -tan 2 P)- Vfd-Hn tan p) e -£ 2 (la-tan p) s ][(l-m tan p) 2 -3 2 frl + tan Pi 2 ] 

2Bm (l + tan 2 p) 


NACA TN No. 1700 



M, 


± 2 l -^2 P /l^L-tgnj^n 

3B V 1+m tan p \2 


iLVPr) .... , 

II 2 -^*.) 2 ] 2 


+ 


arc sin 


(t— c r ) 

l 



"1 [ Z 2 +2(Z-c r ) 2 ] \ 

J [i 2 -(l-o r )*]’ A jJ 





+ a in -1 ^(l-nt tan pj-B^taa P) (m + tan p)]+m(t-c r )frtan $(l-m tan p)+B 2 (m+tan p)l 

3* L mB(l + tan 2 p)(2l-c r ) 


U) 

H 
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r (m + tan P) 

-< r 3m 2 lcr( 2 -cr) Bcr 3 !!! 2 -. 

\ -\/B 2 (m + tan P) 2 — (l-m tan p ) 2 

} { a 8 } 

(l-m tan p)-B 2 (tan p Xm 

+tan p) r -c r ^m 3 

*r 3 111 

mB(l + tan 2 P) 

l,/B 2 (m + tan p) 2 — (l-m tan p ) 2 


(m + tan 



(tang)(l-ffl tan p)+B g (m + tan 3) 
B 2 (m+tan p) 2 — (l-m tan p ) 2 


3m[(tanP)(lHa tan p)+B 2 (m + tan p) ] 2 m(B g -tan 2 p) 

4[B 2 (m + tan p) 2 — (l-m tan p) 2 ] 2 4[B 2 (m + tan P) 2 — (l-m tan p) 2 ] 


/ 3 (tanP) (l-m tan p) 4 B 2 (m+tan p) \ \ 

+ (m tan P 8 m 4[B 2 (m + tan p)^-(l-m tan P) 2 ] / J 


+ 


a7(1-B 2 tan 2 p)l 2 +2(tanP )(B 2 +l)mZ(Z— c r )— (B 2 — tan 2 p)m 2 (Z— c r ) 2 


i (m + tan p ) ( - 

V \ 2(B 2 - 


c r % 2 


2(B 2 — tan 2 p) t-[B 2 (m - tan p) 2 -(l+m tan p) 2 ] 


) 


+ (m — tan p) 


c-p^a 2 


lc r m c 


2(B 2 — tan 2 p) B 2 (m— tan p) 2 -(l+m tan p) 2 MB 2 (m-tan p) 2 -(l+m tan p) 2 1 


3c r 2 m 3 [(tanp)(l+m tan p)— B 2 (m— tan P)] 
4[B 2 (m — tan p) 2 — (l+m tan p) 2 ] 2 


tan 2 P i -Cr 3 !]! 3 f 3 (m + tan p) ( 

^ ^ ^ ' 4m[B 2 (m + 


(m+tan p) 2 — (l-m tan P) 2 ] 


3[(tan tan p)+B 2 (m+tan p) ] 

J 4B 2 (m+tan p) 2 — (l-m tan p) 2 ] 2 


4m[B 2 (m— tan p) 2 — (l+m tan p) 2 ] 


+ (m — tan P) 


( i 

'4m[B 2 (m + tan p) 2 — (l-m tan P) 2 ] 


2 

4mtB 2 (m-tan p) 2 -(l+m tan p) 2 ] 


oo 

u> 
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3 [(tan p)(l-Hn tan P)— B g (m — tan (3)] \ \ 
4[B 2 (m - tan p) 2 -(l+m tan P) 2 ] 2 ' ' 


-l l f ( 1+m tan 6)+B 2 (tan P)(m - tan p) l+mCl-c^) [(tan g(l-nn tan p)-B 2 (m- tan _p)_] 

+ sin - v ; I " 

mB(l +tan^ P)c r 


(m + tan P ) 


V , B 2 (m-tan p) 2 -(l+m tan P) ; 


Cr^Rtan PXl+m tan p)-B g (m-tan p) ] 
8 ^[B 2 (m— tan p) 2 — (l+m tan p) g ] 


(m -tan p) f _ 3^ r Tn g (Z-c r ) _ c^MB 2 - tan g p) 

+ VB g (m-tan p)^(l^ tan p) 2 \ 2 4[B g (m-tan P)Ml* tan P) 2 ] 


Cr , a m 3 ltan pXl+m tan p)-B g (m-tan p)] + Scr^Ktan fl(l+m tan p)-B g (m-tan P_)j 2 

+ B2(m-tan p)^-(l-HE tan p) g lv[B 2 (m-tan p) 2 -(l-tm tan p ) 2 ] 2 


+ sin -1 ( 1+m tan P)+B g (tan pXm-tan 0) f 
m B(l + tan 2 0) ^ 


c r % 3 |(tan 0Xl+ffl tan 0)-B 2 (m — tan 0)] 
i)-[B 2 (m— tan 0) 2 — (l+m tan p) 2 ] 


c r 3 m 3 [(ban |^(l+m tan pj-B^m — tan 0)] 
B 2 (m — tan 0) 2 — (1+m tan 0) 2 


Cr^^B 2 — tan 2 0) 
^•[B 2 (m— tan 0) 2 — (l+m tan pf] 



+ 3±n -i (tan PXB 2 +1) Z-(B2- tan 2 0)m(Z^ r ) 
Bl(l+- tan 2 0) 


(m + tan 0) 

</B 2 (m— tan 0) 2 — (1+m tan p) 2 


3c r 3 m 2 

8 


(m — tan 0) 

V^ 2 (m— tan p) 2 — (1+m tan 0) 2 


3c r 3 m 2 

8 


Scr^^Ctan pXl+ffl tan 0)— B 2 (m— tan 0)] 2 
4[B 2 (m — tan 0) 2 — (l+m tan 0) 2 ] 2 


f (tan pXl+tan 2 0) 
^ (B 2 - tan 2 0) 3/2 


l 


CjO 
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uo 

ON 


Hj 2 = 


+ lisa 

3 * 



l (tan ftXB 2 + l)-Hn(l— Cr) (B 2 — tan 2 ft) 
Bi(l + tan 2 ft) 


f 2 % (tan ft)(l + tan 2 ft) 
l (B 2 — tan 2 ft) 3 ''’* 


} 


— sin 


— 1 


[( 1 — m tan ft)-3 g (tan gKm + tan ft) ]M(tan fll-m tan ft)+B 2 (m + tanft)]m(t-c r ) 

mB(l + tan 2 ft) c r 


[ m + tan ft f 3^Cnm 2 (^~ c r) 

L.y/fe 2 (in +tan ft) 2 -(l-m tan ft) 2 ^ 2 


c r 3 m 3 [(tan tan ft)+B 2 (m+ tan ft) 3 

B 2 (m+ tan ft) 2 -(l-ffl tan ft) 2 


3c r 3 m 4 [(tan ftXl-m tan ft)+B 2 (m+ tan ft)] 2 c r 3 m 4 (B 2 - tan 2 ft) 

+ 4[B 2 (m + tan ft)^-(l-m tan ft) l 2 4[B 2 (m + tan ft) 2 -(l-m tan ft) \J 

(m— tan ft) ^ 0y 3 m 3 ftan &l-m tan ft)+B 2 (m+ tan ft)] _ 

^/B 2 (m + tan p)2--(l-«i tan ft ) 2 4[B 2 (m+tan ft ) 2 — (l-m tan ft ) ] ® 
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- / (l-B 2 tan 2 p)l 2 -2(tan pXBa+DmZCZ-c-rMB 2 -tan 2 p)m 2 (Z-«; r )2 


(m + tan p) 


Cv,^n 2 


2(B 2 — tan 2 p) [B 2 (m+tan p) 2 — (l-m tan P) 2 ] 


Zcpm 5 


4[B 2 (m+tan p) 2 — (l-m tan P) 2 ] 


+ Sor^^Ctan PX 1- ^ tan p)+B 2 (m + tan p)] \ 

^[B 2 (m+tan P) 2 — (l-m tan p) 2 ] ' 


+ (m— tan p) ( 

\2(B 2 - t 


Cp 2 !!! 2 


2(B 2 — tan 2 P) 4[B 2 (m + tan p) 2 — (l-m tan p) 2 ] 


— ain 


— 1 [(l+m tan p)+B 2 (tan $)(m — tan p)] Z— [|tan p)(l+m tan p)-B 2 (m — tan p)3m(Z— c r ) 


mB(L+tan 2 p)(2Z-c r ) 


/ ^ / 3ICrm 2 (Z-c r ) _ 3c v 3 m 2 

lv^ 2 (m-tan P) 2 — (l4m tan p) 2 \ 2 8 


UJ 
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f 1+B tan 3 
m = 1 - 

\B — tan 3 


a 



_i 2B(m 2 +l)Z-£ 2m(B 2 -l)+B(3m 2 -l)] c r 
B(m 2 +l) (2Z-c r ) 


C m 2 +2Bm— 1 


1 


^2 1+B^ ) (inB— l) (m+B) 


3Zc r m 2 (Z-c r ) 3c r 3 m 2 

2 8 


+ Vm(B 2 +l) [2B(m 2 +l) Zc r ^(B 2 +2Bm-l)c r 2 ] j (? 2+2Bm .. ^ 


/ Z 2 + Zcym + c r 2 m g (B 2 +2Bm-l) 

\ 2 (B 2 +2Bm— l) 12B(1 -hh 2 ) 12B a (l+m 2 ) 2 


3c r ^n \ 1 ( Z 2 (m+2B-B 2 m) Zm(Z-c y ) 

8B(l-ttn 2 ) / B(l+B 2 ) \ (B 2 +2Bm-l) + 2 


3 1 2 (mB— l) (m+B ) _ Zcrm[2B(2ta 2 +l)-m(B 2 -l)] 

2(B 2 +2Bm—l) 3B(m 2 +l) 


2Z%. \ B 2 +2Bm— 1 / _ 2 c r 2 m 2 [2B(2m 2 +l)-nn(B 2 -l) ] 

+ ' ) 4* ————————— I Cy* JH " ----- 

5 / B 2 (l+m 2 )(l-hB^ \ 3B(l+m 2 ) 

a Left leading edge hits Mach cone from apex. 
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^Zcrm 2 
+ 15 


+ ^Cr 2 m 3 (B 2 +2Bm-l) 
15B(m 2 +l) 


. — l c r m(B 2 +2Bm— l)— BZ (m 2 +l) f Z 3 m(l+m 2 ) (Bm— l) 1 

BZ(m 2 +l) \ (B 2 +2Bm-l) a ^ Vl+B^ J 


+ ain ~i 2m( 1-B g ) +B( 3-m 2 ) f c-r 3 m 2 

B(l+ m 2) L2 A ^a(l+B 2 ) (mB— l) (m+B) 


{ 



[ 2m(B 2 — l) +B( 3m 2 — l) ] 
4 (m+B) (mB-1) 


+ 3[2m(B 2 -l)+B(3m 2 -l)] 2 _ m(B 2 +2Bm-l) \ 

6k (m+B ) 2 (mB— 1 ) 2 1 6 (m+B ) (mB-1 ) ) 


+ 3m(B 2 +2Bm-l) _ [B(3m 2 -l)+£m(B 2 -l) H2B(2m 2 -l)+3m(B 2 -l) ] 

^B 4B (m+B) (mB-1) 


+ 


3 fB( 3m 2 — l)+2m(B 2 — 1) I 2 
16B (m+B) (mB-1) 


+ A ( (. Jisf S) 

** l (m+B) J l(m+B)(l+B 2 ) \ l6(mB— l) 
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+ 3 [ Sm(B 2 — l)+B( 3m 2 — l) ] (m+B) 2 _ m(B g +2Bm-l) (m+B) 2 

64(mB-l) 2 12B(l+m g ) 12B 2 (l+m 2 ) 2 


+ 3(ffl+B) 2 \ + 1 f [2B(2m g — l)+3m(B g -l) ] + m+B 

8B(l+m 2 ) ) B(l+B 2 ) \ 4(mB— l) 4 


+ 3 Tb( 3m 2 -l)+2m(B 2 — 1) 1 _ m(B 2 +2Bm-l) (m+B) 

l6(mB— l) B(m 2 +1) 


(m+B) [2B(2m 2 +l)+3m(B 2 -l) ] m(B g +2Bm-l) [2B(2m g +l)+3m(B 2 -l) l(m+B) 
3B(m 2 +l) 3B 2 (m 2 +l) 2 


2(m+B) 

5 


4m(B 2 +2Bm— 1 ) (m+B ) 4m 2 (B 2 +2Bm— l) 2 (m+B) 

15B(m 2 +l) 15B 2 (m 2 +l ) 2 



ain -i 4Z (mB— l) (m+B) - [2m(B g -l) +B( 3m 2 -l) 3 c v 
B(l+m 2 )cr 


f m 2 +2mB— 1 ' 

H 

fSZcrm^ l- c r ) 

( cA 2 ) 

l 2y m (l+B 2 )(mB-l)(m+B) J 

1 2 1 

^4(m B— l) (m+B) ' 


( 2m(B 2 -l)+B(3m 2 -l) - 3JMB 2 -lKB(3m 2 -l)] 2 gL^+anB-l) ^ 1 
\ l6(m+B) (mB— l) 4 / J 
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4l 


+ ,/m(l+B 2 ) [— 4Z 2 (mB— 1) (m+B)+2Zcp {2m(B 2 -l)+B(3m 2 -l) } -c r ^n(B 2 +2Bm-l) ] 


(m 2 +2mB— 1) f Z 2 ( m+B) c r ^ca l cji 

-f 


(m+B)(l+B ) ' 2(B +2Bm— 1) 4(mB-l) l6(mB-l) 


3c r ^n[ 2m(B 2 -l)+B(3m 2 -l) 3 ^ + f 1 

64 (m+B) (mB— l ) 2 ' \ B(m+B) (l+B 2 ) 


Z 2 (m+2B-B^n) (m+B) + Zm(l— p r ) (m+B) 

(B 2 +2Bm—l) 2 


3 Z 2 (mB— 1 ) (m+B ) 2 c y ,^n[2B(2m 2 -l)+3m(B 2 -l) ] 

2(B 2 +2Bmr-l) 4(mB— l) 


Zc r m(m+B) _ 3£r^ EB(3m 2 — l)+2m(B 2 — 1) 3 
4 l6(mB— l) 


— sin 


— 1 Z[B(3m — l)+2m(B — 1)] — Cpm(B +2Bmr-l) J Z m(l+m )(mB— l) 


(B 2 +2Bmr-l) 3 / 2 Vl+B 2 


BZ(m 2 +l) 
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+ sln-i kl (mB-1) 2m(B a -l) +B( 3m a -l) 1 0y , 

B(l+m 2 )o r 


{ 


3 2 


8B ^/m( 1+B 2 ) (mB— 1 ) (m+B ) 


- 3m(B2+2Bm-l) 


+ [2B(2m 2 —l)+3m(B 2 —l) 1 rB(3m 2 -l)+2m(B 2 -l) 1 

(m+B)(mB-l) 


3 [B(3mS-l)+2m(B^~l)3 2 

4(m+B)(mB-l) 





(tan 3Xl + tan 2 P ) 
(B 2 — tan 2 p) 3 / 2 


(m + tan p) J o r a s ^ Qfcan $(l-ni tan p)+B 2 (m+tan p)] 

^B 2 (m + tan p) 2 -^-® tan pf 2 l B 2 (m+tan P) 2 -(l-m tan p) 2 

0 r 3 m. 4 (B g — tan 2 p) 3c r 3 m 4 [(tan tan P)+B a (m+ tan P)] 2 

4[B 2 (m + tan p) 2 -(lHni tan p) 2 ] 4[B 2 (m+tan P) 2 -(1 -bi tan p) ] 2 
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s 


32c r m 2 ( Z— c r ) \ 

2 J 


+ (m-tan p) J 

-/B 2 (m — tan p ) 2 — ( 1+m tan p ) 2 L 


3c r 3 ^! 2 3lcym g ( l-c r ) 

8 2 


} 


(m — tan 0) J c r % 3 [(tan PXl-m tan p)+B g (m + tan 3)] 

yB 2 (m+tan p) 2 -(l-m tan p) 2 \ 4[B 2 (m+ tan p) 2 -(l-^m tan p) 2 ] 


3£r%2) 

8 J 


1+B tan p ^ 
B — tan p / 


% 2oqf m 2 + 2 B m-1 
1 3 2 >/m( 1+B 2 ) (mB— 1 ) (m+B ) 


3Zc^JU (Z— K5^?) 
2 


c r 3 m 2 

4(mB— l) (m+B) 


2m(B 2 — l)+B(3m 2 — l) - 3jJfe(B 2 -l)+B(3m 2 -l) ] 2 

l6(m+B)(mB— l) 


Left leading edge hits Mach cone from apex. 


im>) _=J 
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+ 


m(B 2 +2raB— l) 
4 



l 3 m(mB— l) (l+m 2 ) 
(B 2 +2Bm-l) 3/2 7l+B 2 


SB Vm( l+B 2 ) (mB-1 ) (m+B ) 


3m(B a +2Bnt-l) 


+ f 2B ( 2m g — 1 ) +3m(B 2 — 1 )] [B(3m g -l)+2m(B g -l) ] 
(m+B) (mB— 1 ) 


3 [B ( 3m g — 1 ) +2m(B 2 — 1 ) ] g 
4(m+B)(mB-l) 



Trapezoidal Wing Components 


L. 





2qao r 2 [B(l + tan 2 3)+(B 2 -tan 2 3)(m-tan 3 )] 
(B 2 — tan 2 3 ) 3 / 2 v 


2 qac r 2 (m — tan 3 ) 


(l+B tan 3 ) 

m — 


'/b 2 (m — tan 3) 2 — (l + ® tan 3 ) 2 


(B — tan 3 ) 


2qac r 3 (m-tan B) f (B g +l) tan p 
^ (B 2 - tan 2 p) 


+ m - B ( 1+ tan 2 p) [-4(tan p)(B s +l)+B(l + tan 2 p) 1 1 


2(B —tan 2 p) 2 (m — tan p) 


; 



* 6 


qac r g [3m(B + tan P)+(1-3B tan P - 2 tan 2 p) ] 
(B + tan p) ^/b 2 — tan 2 0 


^ r f(B + tan p)(m— tan p) ] [3m(B+ tan pWl-Btan p)l 

12(B + tan P) 2 Jb 2 - tan 2 p ^ 


[ 3m(B +tan p)-5(l-« tan p) ][ m(B + tan P)+(l-B tan P) ] 
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qac r 2 [B(m — tan p)+(l+m tan p)] 
(B + tan p) <^B 2 — tan 2 P 


= qac r 3 [3iii(B + tan p)-^(l-B tan p ) ] [m(B + tan p)+(l-B tan p) ] 
12(B + tan p) e — tan 2 p 



Lq 


qgp r 2 [B(m+ tan p)+(l-m tan p) ] 
(B — tan p) Jb s — tan 2 p 


_ — qacr 3 ^ 3m(B — tan p)-5(l+B tan p)][m(B— tan p)+(l+B tan p)l 
12 (B — tan p) 2 \/b z — tan 2 p 


y 


p 



l p = 


qacr^ 3m(B -tan B)+( 1+ 3 B tan B - 2 tan 2 ft)] 
(B — tan B ) ^/b 2 — tan 2 B) 


M p = 


-qotcr 


12 (B — tan B) 2 ^/b 2 — tan 2 B 
+ [ 3m(B-tan B)~5(l+B tan B)][m(B-tan B)+(l+B tan B)J 


[(B-tan B)(m+tan B)][ 3m(B-tan B)-(l+B tan B)] 



L _ 2qgc r 2 [B(l + tan 2 B)+(B 2 — tan 2 B)(m + tan B)l 2qac r 2 (m + tan B ) 

Q (B 2 - tan 2 B) 3/2 ~Vb 2 (m + tan B) 2 - (1 - m tan^F 

Mq = g q ac r 3 (m+tan B) J (B 2 +l) tan B 
3 V® 2 — tan 2 B HB 2 -tan 2 B) 


m 


+ B(1 + tan 2 B KM tan B) (B 2 +1)+B(l + tan 2 B)1 1 
2(B 2 — tan 2 B) 2 (m+tan B) 


B (tan B) -1 

B + tan p 


•} 
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% 


Wqcp 2 (l+B 2 ) tan p (b—gopm) 

(B 2 — tan* p) 3 / 2 L 2 


2c;pB(l + tan 2 p) 
3(B 2 — tan 2 p) J 


S. m<0 




w = ^qgor 2 (l+B 2 ) tan p t _ 20^3(1+ tan 2 p) 

(B 2 - tan 2 P) 3/2 L 2 3(B 2 -tan 2 p) w 



NACA TN No. 1700 


49 


TJ. 
m = 

Lg a 

% a 

V. 

Lv = 
My = 



2qgc r 2 (m — tan p) [ m — tan p) 

•s/b^ih — tan p)^-(l-Hn tan p')2 L (B — tan p) 


2qac r 3 (m - tan p) 


m 


3 «/ B2 ( m ~' ta11 P) 2 — (1-Hn tan p) e 


/ 1+B tan PV] 

\ B —tan p ) J 



2gqc r 3 (m + tan p) / B (ban $ -1 \ 2 _ 

3<^ 2 (m + tan p) 2 — (1-m tan p) 2 l vB + tan p / 
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Figure ! -The triangular ; trapezoidal , and rectangular plan 
form types investigated . 
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Figure 2- Swept-back plan forms and Mach cone 
configurations investigated 



Figure 3 — Variation of rolling-moment coefficient per unit angle of attack 
with sideslip angle for 0 = 1. 
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Figure 4 - Variation of rolling-moment coefficient per unit angle of attack 
with sideslip angle for B=4/3. 
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Aspect ratio, A 


Figure 5 -Variation of roll-in-sideslip derivative per unit angle of attack with 

aspect ratio for typical tr iangu/ar , trapezoida / , and rectangular plan forms ; B= / 
and B= 4/3 
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Figure 6 - Variation of roll-in- sides fi p derivative per unit angle of 

attack with aspect ratio for typical triangular and swept— back 
plan forms; £-/ and B=4/3 . 


VJl 

ON 


MCA TN Ro. 1700 


M 



(a) Trapezoidal plan forms of aspect ratios 4 and 6.5 and rectangular plan form of aspect ratio 1.5 
Figure 7- Variation of roll-in-sideslip derivative per unit angle of attack with Mach number parameter B 
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(b) Triangular , trapezoidal, and rectangular plan forms of aspect ratio 6 
Figure 7. — Concluded 
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Figure 9. - Variation of roll-in-sideslip derivative per unit angle of attack with Mach number 
parameter B for typical triangular and swept-back plan forms . 


NACA TN No. 1700 


